TNV isolates have been grouped into two distinct species, Tobacco necrosis virus A (TNV-A) and Tobacco necrosis virus D (TNV-D)
. These are small icosahedral viruses ca. 28 nm in diameter, with a single stranded positive-sense RNA genome approximately 3.8 kb long and are naturally transmitted by the soil inhabiting fungus Olpidium brassicae (Wor.) Dang [28] . They belong to the genus Necrovirus, family Tombusviridae [24] .
The complete nucleotide sequences of TNV-A and TNV-D were first reported by Meulewaeter et al. [18] and Coutts et al. [7] , respectively. Another TNV-D isolate (Hungarian isolate, named TNV-D H ) was completely sequenced by Molnár et al. [19] . The genome organization of both species was deduced from the determined nucleotide sequence, indicating the presence of two initial open reading frames (ORFs) which are likely to be translated from the same initiation codon by translational readthrough of the amber stop codon, allowing the synthesis of the putative RNA-dependent RNA polymerase (RdRp). For TNV-D H three small ORFs were deduced centrally between the ORFs encoding the putative RdRp and the other major translation product, the coat protein encoded at the 3 end. These small ORFs encode three different 7 kDa proteins (p7 1 , p7a, p7b). The p7 1 ORF can also be identified in TNV-D genome, although it was not mentioned by the authors [7, 20] . In TNV-A, one of the small ORFs deduced from the genome sequence encodes a 7 kDa protein at the 3 end (p7). The other two small ORFs, located between ORFs encoding the putative RdRp and the coat protein, encode two small proteins, p8 and p6 [18] .
Olive latent virus 1 (OLV-1), Leek white stripe virus (LWSV) and Beet black scorch virus (BBSV) are three other necroviruses, from which the complete nucleotide sequence and genome organization are already known. The nucleotide sequence of the OLV-1 genome indicates the presence of five open reading frames, the first two encoding the predicted RdRp by readthrough of an amber stop codon, the two smaller ones encoding proteins p8 and p6 and the 3 terminal ORF encoding the coat protein [12] . LWSV has a similar genome organization with the two small internal ORFs encoding proteins p11 and p6 [17] and BBSV revealed three small internal ORFs encoding proteins p4, p7a and p7b [3] .
Recently, the GP isolate was characterized and identified as a member of the species TNV-D based on the coat protein sequence [4] . In the present study, the complete genomic sequence of this viral isolate has been determined. Based on the deduced genome organization and phylogenetic analysis of the predicted functional translation products, the relationship of the GP isolate with other plant viruses has been studied and its taxonomic status reconsidered.
Symptomatic Nicotiana benthamiana plants, previously inoculated with fruit extracts from olive trees cv "Galega", were used for GP isolate purification as described previously [4] . Viral RNA was extracted from purified virus particles using an adaptation of the RNeasy Plant Mini Kit (Qiagen).
Various strategies were used at different stages of the cloning and sequencing process. cDNA synthesis was performed using The Copy kit TM (Invitrogen) in order to obtain a full-length cDNA from viral RNA, which was polyadenylated with poly(A) polymerase and used as a template for oligo(dT)-primed cDNA synthesis. The resulting cDNA was ligated into EcoRV-NotI digested with pZErO-2 (Invitrogen) and cloned into E. coli Top10 cells.
For cloning the 5 -terminal genome sequence, a modified RACE protocol [11] was performed. M-MLV Reverse Transcriptase (Invitrogen) was used for cDNA synthesis in the presence of primer GPSP1 (5 -CATCAGTGCTCGGGACAG-3 ), complementary to nt 534-551 of the viral genome, according to the manufacturer's instructions. Degradation of the RNA chain was performed by incubating the cDNA with RNaseH. cDNA was purified using the PCR Purification Spin kit (Genomed) and dA-tailed with Terminal deoxynucleotidyl transferase (Fermentas), according to the manufacturer's instructions. The first PCR was performed using 2.5 units of PfuTurbo DNA Polymerase (Stratagene) with the specific primer GPSP2 (5 -TGTTCAGTATCCTCTATTGAG-3 ), complementary to nt 188-208, and an oligo(dT)/NotI primer (5 -AACCCGGCTCGAGCGGCC-GC(T) 18 -3 ). This was followed by a nested PCR using GPSP3 (5 -TCCTTCAG-CAGCAGTTTGC-3 ), complementary to nt 83-101, and the Anchor(dT) primer (5 -AACCCGGCTCGAGCGGCCGC-3 ). The amplified product was cloned in pZErO-2 and then transformed into E. coli Top10 cells. Multiple cloning of specific RT-PCR amplification products was used for sequencing the remaining genomic sequence. Primers were initially designed based on the TNV-A published genomic sequence [18] and then based on that obtained from the GP isolate. The amplified products were purified and cloned as described before [4] .
Sequencing was performed using an automatic ABI PRISM 310 sequencer with the ABI Prism BigDye Terminator Reaction Cycle Sequencing kit and sequence analysis was carried out using BioEdit [14] . ClustalW [29] was used for alignment of the amino acid sequences of the putative translation products of the major open reading frames of isolate GP with homologous sequences of other necroviruses, identified with a BLAST search [1] . MEGA2 [16] and PROSITE [9] programs were used for phylogenetic analysis and motif search, respectively. The Mr values of predicted polypeptide products were determined using the EMBOSS software [22] .
From the multiple cDNA clones, generated using different strategies of cDNA synthesis, the complete nucleotide sequence of the GP isolate genome was determined to be 3683 nt (GenBank accession number AY616760). cDNA clones obtained using the The Copy kit TM (Invitrogene) for cDNA synthesis, were smaller than expected but enabled the determination of the 3 end genome sequence.
Computer assisted analysis of the GP isolate nucleotide sequence showed five main open reading frames (Fig. 1) . ORF1 starts with an AUG at position 60, ends with an amber stop codon (UAG) at position 666 and encodes a putative polypeptide of 202 aa with a calculated Mr of 22853 (p23). Readthrough of this stop codon would extend the ORF to the next stop codon (UGA) at position 2232, resulting in ORF2 that potentially produces a protein with a calculated Mr of 82 178 (p82). ORF3 (nt 2218-2439) is overlapped by 17 nt of ORF2 and encodes a putative 73 aa polypeptide with a calculated Mr of 7940 (p8). ORF4 (nt 2443-2613) potentially encodes a 56 aa polypeptide with a Mr of 6268 (p6). The putative polypeptide of 269 aa with a calculated Mr of 29105 (p29), encoded by ORF5 (nt position 2636 ending with a stop codon (UGA) at position 3443) was previously identified as the coat protein [4] . The 5 and 3 noncoding regions of GP isolate genome are 59 nt and 238 nt long, respectively. Between ORF3 and ORF4 a noncoding region of 3 nt was identified as well as a region of 22 nt between ORF4 and ORF5 (Fig. 1) .
The overall genome organization of GP isolate has extensive similarities with that of other necroviruses, especially with that of OLV-1 (Fig. 1) . The putative p82 has been identified as the RdRp after a BLAST search. GP isolate RdRp showed higher sequence identity with that of OLV-1 (91.2%) and TNV-A (90.7%) than with TNV-D (33.6%), TNV-D H (34.5%), LWSV (31.6%) and BBSV (33.3%) ( Table 1 ). The phylogenetic tree generated from the amino acid sequence alignment of GP RdRp with homologous sequences of other necroviruses and carmoviruses, using the Neighbor Joining method [26] , revealed a closer relationship of GP RdRp with that of OLV-1 and TNV-A than with TNV-D RdRp (Fig. 2a) . It also revealed that GP RdRp is more closely related to that of the carmoviruses Galinsoga mosaic virus (GaMV) [6] , melon necrotic spot virus (MNSV) [23] and turnip crinkle virus (TCV) [5] , than to that of TNV-D, LWSV and BBSV.An identical tree was obtained using the Minimum Evolution method [25] (data not shown).
The profile for RNA-directed RNA polymerase of positive strand RNA viruses (RdRp viral) [9] has been identified in the readthrough region of GP RdRp confirming the identification of the GP putative p82 as the RdRp. This region contains structural motifs, A, B and C, putatively forming the catalytic centre of the RdRp [21] , and the highly conserved GDD motif found in RdRps [15, 2] (data not shown).
Multiple sequence alignments between the predicted small proteins of the GP isolate, TNV-A, TNV-D, TNV-D H , OLV-1, GaMV and TCV showed that p8 and p6 of the GP isolate are clustered with the corresponding proteins of TNV-A, OLV-1 and GaMV (Fig. 2b) . It has been suggested that the small proteins expressed from the central ORFs of necroviruses are required for cell-to-cell movement of the virus, by analogy with that described for TCV p8 and p9 proteins [13] . The three p7 TNV-D H proteins have also been shown to be required for virus spread in inoculated plants [19] . Thus it is likely that the predicted p8 and p6 of the GP isolate play a similar role. The p7 1 identified in TNV-D and TNV-D H clusters with p7 of TNV-A and was not identified in any of the other sequenced necroviruses, including the GP isolate.
The predicted p29 protein encoded by ORF5, previously identified as the coat protein, showed a closer relationship with TNV-D coat protein (86.2% sequence identity) [4] .
The serological analysis as well as the coat protein sequence of the virus under study led to its classification as a member of the species TNV-D [4] . However, the complete genome sequence of the GP isolate shows a closer relationship to TNV-A (75.6% nt identity) and OLV-1 (75.2%) than with TNV-D (47.5%), TNV-D H (46.9%), LWSV (39.7%) or BBSV (42.1%). Also the overall genome organization resembles that of OLV-1, differing only on the size of the putative coat protein gene (Fig. 1) . Phylogenetic analysis of the predicted functional translation products also showed that the RdRp and the small predicted proteins have higher sequence identity to the corresponding proteins of OLV-1 and TNV-A than to that of TNV-D (Table 1 ). It seems clear that the coat protein of this virus is similar to that of TNV-D species but all the other predicted products are closer to OLV-1 or TNV-A.
The published species demarcation criteria in the necrovirus genus [30] include the extent of amino acid sequence identity between relevant gene products, such as the coat protein (<62%) or the polymerase (<76%). According to these criteria the GP would be classified with OLV-1 and TNV-A on the basis of its polymerase but with TNV-D on the basis of its coat protein. Recent phylogeny analysis of viruses belonging to the Tombusviridae family suggests that virus classification should be based on the comparison of entire genomes, instead of single gene analysis [27] . Our results also show the importance of using the whole genome as a criterion for classification. Recombination is considered one of the relevant mechanisms in the evolution of RNA viruses [8] and the GP isolate appears to represent an example of a new virus arisen by gene exchange, probably between OLV-1 (or TNV-A) and TNV-D. Therefore, this appears to be a new species in the necrovirus genus for which the provisional name of Olive mild mosaic virus is proposed.
